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[57] ABSTRACT 

A thin, inexpensive, removable platen for a direct fingerprint 
reader without a permanently attached platen. A removable 
platen is formed as a transparent area on a credit card, 
passport or identification card or as a separate card. The 
portable platen on the card is inserted over an imaging area 
of the direct fingerprint reader. Light from the direct finger- 
print reader passes through an optical surface formed on the 
underside of the portable platen, is reflected off the finger- 
print and passes back through the optical surface to the 
imaging apparatus where the image is digitized and ana- 
lyzed. The optical surface is formed such that the incident 
light is not refracted away from the fingerprint and the 
reflected light from the fingerprint is not refracted away 
from the imaging apparatus. 

25 Claims, 8 Drawing Sheets 
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APPARATUS AND METHOD FOR 
ELECTRONICALLY ACQUIRING 
FINGERPRINT IMAGES 

This is a continuation of application Ser. No. 08/308,098 
filed Sept. 16 1994, U.S. Pat. No. 5,732,148. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an apparatus and method for 
acquiring a high-resolution image of a person's fingerprint 
and more specifically to such an apparatus and method 
which utilizes a personal identification card with an inte- 
grated fingerprint platen that provides a high contrast fin- 
gerprint image when the identification card is placed on a 
direct fingerprint reader and a finger is placed on the platen. 

2. Description of the Prior Art 

Although there are other methods of identifying 
individuals, it has become readily apparent that fingerprints 
provide a unique and absolute means of identification that 
does not require cooperation from the subject. 

Typically the fingerprint is acquired from the pad of the 
finger (or thumb) that extends from the tip of the digit to the 
first joint. The term finger, fingertip or fingerprint as used 
hereinafter is to be understood as including the thumb, 
thumbtip or thumbprint, respectively. Ink or an inkless 
reagent is applied to the person's fingertips which are then 
rolled or placed flat on a dean recording surface, such as a 
fingerprint card, to deposit the ink or reagent on the surface 
in a pattern corresponding to the fingerprints of the person. 
Such prints are often blurred or smeared as a result of the 
flow of the ink and the rotation, displacement and distortion 
of the finger. 

Electronic fingerprint acquisition systems (sometimes 
hereafter referred to herein as "direct fingerprint readers") 
have been introduced in recent times to eliminate the need 
for ink or a chemical reagent. In such systems, the subject's 
fingertip is pressed against or rolled over a flat transparent 
(e.g. glass) platen in an optical system. Light is directed 
through the platen and is reflected from the fingertip into an 
optical path including mirrors, lens and an electronic image 
sensor such as a CCD imager of the type employed in video 
cameras. The image of the fingerprint may be digitized, 
analyzed, printed out, stored, transmitted or compared with 
an existing fingerprint or fingerprints. 

Fingerprint identification is an exacting science which 
requires the comparison of the many minute and unique 
characteristics of each fingerprint, including the pattern of 
ridge endings and ridge bifurcations and locations and 
directions of these features etc. (hereafter collectively 
referred to as minutiae) of each person's fingerprint. The 
total collection of minutiae collectively comprise a "signa- 
ture" uniquely identifying the owner of the fingerprint. This 
signature will be hereafter referred to as a "template". 
Comparisons between the template of an unknown finger- 
print and templates of fingerprints of known persons may be 
accomplished manually or by an electronic system. Regard- 
less of the image capture method and regardless of whether 
the fingerprints are interpreted by a trained expert or by 
machine, the clarity of the print is obviously of paramount 
importance. 

Unclear prints may be caused in chemical recording 
systems by (1) excessive pressure between the pliable fin- 
gertip and the flat recording surface resulting in a distortion 
of the fingerprint, (2) an uneven distribution of coating of the 
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ink or other chemical (3) excessive or insufficient coating of 
the chemical, (4) improper movement of the finger on the 
card or (5) improper lifting of the finger from the card after 
it is rolled. 

5 Unclear prints in the prior art electronic acquisition sys- 
tems may be caused by (1) lack of contrast between the 
ridges and valleys, (2) interference caused by latent prints on 
the platen, (3) dirt on the platen resulting from use or 
environmental conditions, (4) scratches or other defects to 

10 the platen resulting from use, vandalism or environment 
conditions, (5) excessive pressure between the fingertip and 
the flat platen, (6) poor contact between the fingertip and 
platen resulting in a poor reflected image, (7) distortion 
caused by rolling the finger over the platen, (6) poor 

35 resolution of the fingerprint image or (7) gross distortion 
resulting from system configuration. Whatever the cause, an 
unclear print cannot be as accurately read or compared with 
an existing print for verification or identification purposes, 
A plurality of electronic fingerprint acquisition systems 

20 have been proposed in the art for improving the fingerprint 
capture process. Many of these systems employ a transpar- 
ent optical prism upon which the finger is placed. The prism 
is used to separate beams of light that impinge on fingerprint 
ridges from beams of light that encounter air in the valleys 

25 between fingerprint ridges at the surface of the prism to 
which the finger is applied. Such systems are exemplified by 
the following U.S. Pat. Nos.: 4,876,725 [describing a fin- 
gerprint verification system for capturing a fingerprint image 
and optically processing it by spatially performing a Fourier 

30 transform using a card which includes a reflection hologram 
formed from the fingerprint of a known person — the inten- 
sity distribution or interference pattern that results indicates 
the presence or absence of a match]; 4,394,773 [teaching a 
fingerprint sensor using a flexible, piezoelectric polymer 

35 upon which surface charge distribution is rearranged in the 
presence of deformations in the polymer caused by finger- 
print ridges — these charge distribution patterns are sensed 
with CCD devices]; 4,997,601 [electronic fingerprint rec- 
ognition device wherein a finger placed on a platen is 

40 scanned ultrasonically by modulated sound waves which 
have first passed through and been modulated/filtered by a 
card containing an acoustic hologram of a known 
fingerprint — the reflected interference pattern acts as a cor- 
relation in determining the presence or absence of a match]; 

45 4,582,985 [teaches a smart card identity verification system 
with an on-board platen upon which a finger of the user is 
placed, an on-board fiber optic scanning system an on-board 
matching circuitry to compare a bit pattern generated from 
the sensed fingerprint to stored bit patterns generated from 

50 fingerprints of persons of known identity]; 4,311,300 
[teaching a flexible polymer sensor plate for fingerprint 
identification systems which works on the principle of total 
internal reflection of light rays that impinges on an air 
polymer interface such as is found in valleys between 

55 fingerprint ridges and escape of light rays without total 
internal reflection of light rays that impinge on deformations 
of the polymer caused by a ridge of a fingerprint]; 4,120,585 
[teaching a prism based fingerprint image capture device 
using a compliant optical prism as a platen]; and 4,003,656 

6o and 4,792,226 [teaching the conventional method in elec- 
tronic fingerprint scanning devices of separating light rays 
that impinge on fingerprint ridges from rays that impinge on 
the air in valleys between fingerprint ridges because of the 
differences in indices of refraction at the respective 

65 interfaces]. 

Other electronic fingerprint acquisition systems of interest 
are described in U.S. Pat. Nos. 3,861,142 (Leventhal Feb. 4, 
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1975) and 4,120,858, 4,784,484, 4,258,994, 4,936,680. If one person with sweaty, greasy or dirty fingers uses the 

These patents relate to systems in which a combination unit, the platen may be obscured and the unit may be 

finger platen and single prism is mounted in the fingerprint rendered both unuseable and unappealing to the next person 

capture device. Additional related patents are: U.S. Pat. Nos. to use the unit. 

4,983,846, 4,946,276, 4,933,976, 4,932,776, 4,925,800, 5 Thus, there has arisen a need for a system to capture 

4,917,987, 4,784,484, 4,577,345, 4,553,837, 4,537,484, fingerprint images that minimizes platen maintenance and 

4,429,412, 4,428,670, 4,258,994, 4,120,585, 1,103,656, provides high quality fingerprint images. 
3,959,884, 3,861,142, 3,824,951). 

Several systems have been proposed which do not employ 

a prism, but instead employ a fiber bundle. Two such 10 An apparatus for electronically acquiring fingerprints in 

systems are described in U.S. Pat. Nos. 4,785,171 (Dowling, accordance with the present invention includes a fingerprint 

Jr. et al. Nov. 15, 1988) and 4,932,776 (Dowling, Jr. et al. imaging device without a finger platen, and a separate finger 

Jun. 12, 1990). In these systems, the finger is placed onto a platen integrated into a card, such as a personal identification 

optical fiber bundle as opposed to a prism. The finger platen or credit card. Hereafter, the platen integrated onto the 

is a specially prepared surface of the fiber bundle. The fiber 15 personal identification card or credit card may be referred to 

optic bundle has an angled surface which serves as an as the Personal Platen™. The card with finger platen is 

integral platen for an electronic fingerprint acquisition sys- inserted by each user into the fingerprint imaging device to 

tem. Image formation is based upon the principles taught in complete the system for capturing fingerprint images. The 

U.S. Pat. Nos. 4,003,656 and 4,792,226. The finger platen is finger is placed onto the platen on the card and a high quality 

a permanent part of the fiber bundle and is an integral part 20 fingerprint image is captured by a camera in the fingerprint 

of the assembly. imaging device. A user places his or her finger on the top 

Regardless of the design of the assembly for capturing side of the platen portion of the identification card. The 

fingerprint images electronically, the prior art consistently underside of the platen portion of the identification card 

employs a costly finger platen that is integrated into the faces a light source and imaging optics. The underside of the 

device. Some designs allow for the prism and finger platen 25 finger platen on the card has an optical surface that improves 

to be replaced periodically, which is necessary when the the contrast of the fingerprint image by separating light rays 

finger platen no longer provides optimum quality fingerprint that impinge on portions of the platen touching a fingerprint 

images due to dirt or defects from use and/or abuse. The ridge from light rays that impinge on air in the valleys 

replacement of the prism and finger platen is costly and time between fingerprint ridges or air at the ends of ridges that 

consuming and may require special training and tools. 30 terminate. This optical surface can have any configuration 

Vendors often provide a replacement prism with their prior that can cause the aforementioned separation. One configu- 

art fingerprint imaging device and some vendors offer pro- ration that works especially well is a series of "microprisms" 

grams to factory recondition prisms and finger platens. in the form of parallel lines of tiny triangular shaped ridges. 

The large variety of prior art devices for capturing fin- ^ configuration contains many small prisms instead of 

gerprint images all have a common problem— platen main- 35 0De lar S e V™ m ™ found m the P rior art and renders the 

tenance. It is a completely natural and unavoidable occur- P laten according to the invention thin and portable and 

rence that oils and dirt accumulate with use of the device. especially well suited for carrying in a wallet as part of a 

Many platens have slightly tacky polymer surfaces or coat- credil card - Another °P tical surface that works wdl t0 

ings which are designed to improve the optical contact and separate the light rays failing on ridges from light rays 

resulting image contrast. Environmental conditions such as faUm S on s P aces a round ridges is a diffraction grating. Other 

blowing dust and misuse or vandalism in unattended appli- configurations for the optical surface may include arrays of 

cation can also contribute to a build-up of dirt, grease or tim/ Fre snel lenses or arrays of tiny pyramids, 

damage on the surface of the finger platen that obscures the Not all the above configurations have been sucessfully 

fingerprint images, tested as of the filling date of this application. To the extent 

A plurality of approaches have been employed to combat 45 an y of these configurations are inoperative, they are 

this problem. Coatings on the platen surface have been excluded from the scope of the invention defined in the 

developed to improve the optical contact between the finger appended claims and equivalents thereof, 

and the platen. Prior art units are also typically shipped from The platen according to the teachings of the invention can 

the manufacturer with solvents and materials for cleaning 50 be made at a sufficiently low cost that it can be used in a 

the platen surface and instructions for cleaning the unit disposable fashion or as a separate device which can be 

regularly. distributed to each individual user. 

No prior art unit has completely eliminated the need for The features of the present invention, which are believed 

periodic maintenance of finger platens. This requirement for to be novel, are set forth with particularity in the appended 

regular maintenance of the finger platen makes it challeng- 55 claims. The invention, both as to its organization and 

ing to install a prior art electronic fingerprint device in operation, may best be understood by reference to the 

environments where it will not be attended by a service following description, taken in conjunction with the accom- 

technician. With prior art systems with fixed or integral panying drawings. 

platens, a person still needs to regularly attend to the unit and OFSPRTPTinM of thp nu AwtMfQ 

clean the platen when necessary which makes these prior art 60 BRIEF DESCRI PnON OF THE DRAWINGS 

systems inconvenient and expensive to used in unattended FIG. 1 is a top view of a card with integrated finger platen 

situations. Examples of typically unattended applications in accordance with the present invention, 

are: physical access control such as prisons and security FIG. 2 is a side view of the fingerprint capture system 

checkpoints and payment systems such as automated bank showing a finger placed on the card with finger platen that 

tellers. 65 has been inserted into the direct fingerprint reader. 

A fingerprint capture device installed outdoors is subject FIG. 3 is an optical ray diagram showing how the working 

to weather and may also be used by people with dirty fingers. image is formed. 
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FIG. 4 is a perspective view of the preferred optical In the preferred embodiment, the finger platen 10, including 

surface comprised of parallel rows of microprisms. the optical surface 12 to be discussed below is formed by an 

FIG. 5 is a futher ray diagram explaining total internal inexpensive plastic forming process such as heat stamping 

reflection or m j ect i° n molding. In some embodiments, the finger 

^„ " ,. M1 . , , , 5 platen 10 is wide enough to be used for rolled fingerprint 

6 1S * dta ?7 il^ratmg the problems that are impns ^ aaSm In some embodiments, the finger platen is 

encountered is no optical surface is used on the underside of j thafl a Cfedit cafd and ^ { h {Q Q fid 

the Personal Platen, impressions on feet or palms. 

FIGS. 7A and 7B are ray diagrams explaining formation Referring to FIG. 2, there is shown a symbolic view of a 

of the working image with the preferred optical surface and ]Q typical direct fiDgerprint reader with rem0 vable platen. The 

an alternative optical surface. direct fi nge rprint reader is comprised of a chassis 18 which 

FIGS. 8A and 8B are views of an alternative optical is typically permanently installed in a location needing 

surface using pyramids. access control or identity verification such as an automated 

FIGS. 9 A and 9B are perspective views of another optical teller machine. The credit card 8 is placed on or inserted into 

surface embodiment using cones, is the direct fingerprint reader such that the finger platen 

FIG. 10 is an enlarged view of another alternative type P ortion 10 * located over an imaging area 20 and one or 

shape for the optical surface comprising a truncated prism. more fingers 11 can be placed on the finger platen 10. An 

i1 . . r , «. , * * i_i incoherent light source 22 supplies light rays directed into 

FIG. 11 is a view of an embodiment using a retractable iL . . ... , , 

, . tU . « i » . the imaging area through a protective, transparent glass or 

cover showing the cover in the closed postion. , t . °r f . 6 ™ y Li * & 4 . . 

& 20 plastic dust barrier 24. These light rays strike an optical 

FIG. 12 is a view of an embodiment using a retractable surface 12 formed on t he underside of the finger platen 10. 

cover showing the cover in the retracted postion. ^ purpose of this optical surface is t0 prevent reflections 

FIG. 13 is a view of a Personal Platen with an appended from the underside of the finger platen which would inter- 
two dimensional bar code encoding the template of the fere with light rays reflected from the upper surface 26 of the 
fingerprint of the rightful owner of the card. 25 finger platen which form the "working image" of the fin- 

DETAILED DESCRIPTION OF THE ™ C Ug ^ rayS ° f ° g ^olized by 

PREFERRED EMBODIMENT ™& hght 5? 28 ' ™ refi ^ ted the t0p ™ h ™ 26 ° f 

the finger platen and pass through transparent dust barrier 

Referring now to FIG. 1, there is shown a personal 24. From there, they pass through a series of lens and/or 

identification card or credit card 8 with an integrated Per- 30 mirrors in an optical Oath between the top surface of the 

sonal Plate™ 10 which will be hereafter referred to as finger finger platen and an imaging device 30. Typically, the 

platen 10. The identification card or credit card is typically imaging device is a CCD imaging integrated circuit with 

0.5 mm thick acrylic or PVC. The finger platen is transparent associated scanning circuitry such as is found in video 

plastic area which may be located anywhere on the card cameras. The imaging device collects light rays from the 

which does not interfere with the embossed printing 12 on 35 working image. Photons from these hght rays alter charge 

the front side of the card or the magnetic stripe 14 on the distribution within an array of pixel locations on the surface 

backside of the card (shown in dashed lines). One especially of the charge coupled device. This changed charge distri- 

useful location for the finger platen is on the edge of the card bution is sensed in a raster scanning process and is used to 

where easy access is provided to the fingers once the card is an output video signal in which the working image of the 

placed in or on the fingerprint imaging device (not shown). 40 fingerprint is encoded. This output video signal is then 

However, the finger platen 10 may be located on any section digitized and the minutiae of the fingerprint image automati- 

of the card where it won't interfere with other elements of cally located, mapped and recorded as a form of electronic 

the card, such as a magnetic strip 14, card sponsor text 15, "signature". This "signature" may then be compared to 

hologram/logo 16 or photo. Typically, the size and place- similarly generated electronic signatures called templates 

ment of the various elements on the credit card are defined 45 from persons of known identity stored in a database for 

by ISO standards or other national standards, so the place- purposes of verifying that a user's true identity matches the 

ment of the finger platen is preferably positioned so as to be identity of the person he or she "says" she is by virtue of 

compatible with the prevailing national standards. presentation of the card to the DFR. This verification or 

The finger platen 10 can be any size from a minimum size identification process can be performed by any of the known 

necessary to encompass at least enough of a fingerprint to 50 apparatus and methods described in the prior art and does 

provide sufficient data for verification or identification to a not form part of the teachings of the invention, 

statistical certainty up to about 1.0 square inches, A finger The working image is generated by a "filtration" process 

platen 10 in the above noted size range is suitable for flat which separates light rays that fall upon fingerprint ridges 

impressions of fingerprint ridges. The finger platen may be from light rays that fall upon the air in valleys between 

significantly larger (1.0 to 10.0 square inches) for capturing 55 fingerprint ridges and elsewhere where the fingerprint does 

rolled impression fingerprints, palm prints or impressions of not contact the finger platen 10, This filtration process is best 

multiple fingers although these larger sized applications understood by reference to FIG. 3 which is a ray diagram 

would not be suitable for an identification card or credit card detailing the formation of the working image in the presence 

to be carried in a wallet and therefore may not be incorpo- of a finger platen having an optical surface according to the 

rated into a card. The finger platen 10 may in fact be made 60 teachings of the invention. The finger platen 10 is typically 

to much larger dimensions, e.g., 10.0 to 100.0 square inches, made of transparent, flexible plastic for applications where 

for capturing much larger images, such as friction ridges of the credit card or identification card 8 is to be carried in a 

palms and feet. The finger platen 10 is sufficiently thin (less wallet and is subject to flexing. Where this is not the case, 

than 2 mm), light weight (less than 5 grams) and inexpensive glass or other brittle, transparent materials can be used. The 

(less than $0.25) to be incorporated into a card for carrying 65 preferred plastic material is any plastic that can be pressure 

in the wallet. In some embodiments, the finger platen 10 may formed at high temperature or injection molded to have five 

be a separate disposable item carried in the wallet of the user. or more prisms per millimeter. The preferred density of 
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optical structures is at least 50 structures per millimeter, and 
generally, higher density structures work better. The pre- 
ferred shape for the optical surface 12 is shown in FIG. 4 and 
is comprised of parallel rows of tiny triangular prisms placed 
edge to edge such as prisms 32 and 34 in FIG. 4. The 5 
preferred width at the base of each prism is 200 microns, and 
the preferred angle beta (p) is 90°. Generally, the sharper the 
point at the apex of angle beta, the better is the contrast in 
the working image, but in alternative embodiments, a prisim 
shaped like prism 36 will also probably work although not 
as well. In other alternative embodiments, other angles beta 
which are either more or less than 90° will also work. 
Selection of the angle beta depends upon the angle theta G 
of the incident light rays such as ray 38 and the relative 
indices of refraction of the material of the finger platen 10 
and the medium (usually air) in which it resides. It is desired 
that the optical surface 12 be shaped such that the incident 
rays from the light source are not reflected from the optical 
surface 12 and pass therethrough to reach the interface 
surface 26 between the top of the finger platen 10 and the 
finger 11 of the user. For this condition to be true, the 
incident light must impinge on the optical surface at an angle 
less than the critical angle defined by Snell's law. Snell's law 
states: 



(1) 



15 



20 



25 



interface surface 26 (air=1.0), and n fl =the index of refraction 30 
of the medium below the interface surface 26 (plastic), and 
O c „ f =the critical angle of total internal reflection wherein 
the angle of refraction is equal to 90°, i.e., the refracted ray 
does not leave the plastic and entering the air but is refracted 
at an angle so as to travel parallel to the top surface 26 of the 35 
finger platen. FIG. 5 is a ray diagram illustrating the various 
angles discussed above. Rays la and 2a pass out of medium 
a into medium b because the angle of incidence <b a at the 
interface between medium a and medium b is less than the 
critical angle. However, rays 3a and 4a are totally internally 40 
reflected because their incidence angles relative to normal N 
to the interface equal or exceed the critical angle. 

In FIG. 3, because of the difference in the indices of 
refraction between air and flesh, rays that impinge on air in 
the valleys between fingerprint ridges, such as rays 31, 33 45 
and 35, are totally internally refracted and proceed back 
down through the optical surface to form the rays of the 
working image. The remaining rays which impinge upon the 
flesh of a fingerprint ridge, pass out of the plastic of the 
platent 10, enter the flesh and escape thereby forming a 50 
contrast in the working image between the ridges and 
surrounding valleys of the fingerprint. 

A situation which the presence of the optical surface 12 
negates is shown in FIG. 6. This figure is a ray diagram 
illustrating how the absence of an optical surface can lead to 55 
loss of the working image by interference with rays reflected 
from the undersurface of the finger platen. In FIG. 6, rays 42 
and 43 emanate from a point light source 45 at angles such 
that they pass through the bottom surface 44 of the plastic 
platen 46 and reach the upper interface surface 50. These 60 
rays 42 and 43 happen to fall upon points on upper surface 
50 in contact with ridges of a finger, and escape the platen 
and are lost as rays 42' and 43'. In contrast, rays 52 and 53 
reach the top surface and impinge upon air in the valleys 
between fingerprint ridges, and are totally internally 65 
reflected. Their reflected versions, 53' and 52', form part of 
the white portions of a working image of the user's finger- 



print. Rays 52' and 53' are refracted toward the imaging 
apparatus (not shown) because of the difference in indices of 
refraction between the flesh in a fingerprint ridge and air. 

The problem is that the contrast of the working image is 
reduced or destroyed by the rays that are reflected from the 
flat undersurface 44 such as rays 48 and 49. These rays 
emanate from the point source at angles that are less than the 
critical angle and are reflected back toward the imaging 
device. Since these rays carry no information about the 
image of the fingerprint, they only reduce the contrast in the 
working image or destroy the working image altogether. 

The optical surface 12 according to the teachings of the 
invention must have a configuration which avoids the prob- 
lem illustrated in FIG. 6. Referring to FIG. 7, comprised of 
FIGS. 7A and 7B, the manner in which the optical surface 
overcomes the problem illustrated in FIG. 6 can be better 
understood. The optical surface 12 has a plurality of adjacent 
"optical structures" formed thereon. For purposes of defin- 
ing the invention in the claims, the term "optical structure 
(s)" means any structure on the underside of the finger platen 
that serves to eliminate the reflection from the underside of 
the finger platen of non-working rays, i.e., rays that bear no 
information about the working image such as rays 48 and 49 
and their reflected counterparts 48' and 49' in FIG. 6. To do 
this, the optical structures should be configured such that a 
normal N to the optical surface 12 at the general area on each 
"optical structure" where incident light from the light source 
22 arrives points generally toward the light source. This 
virtually guarantees that the angle of the arriving rays 
relative to the normal N will have an incidence angle less 
than the critical angle and will pass through the optical 
surface unreflected and continue to travel toward the upper 
surface 26 of the finger platen. Two such normals are 
indicated in FIGS. 7A and 7B as vectors and N 2 . 

After passing through the optical surface 12 from the 
bottom, the rays that impinge on points of the surface 26 in 
contact with air in valleys surrounding fingerprint ridges are 
totally internally reflected while rays that impinge on points 
of the surface 26 in contact with ridges of the fingerprint will 
not be reflected and will escape from the plastic of the finger 
platen 10 and be dissipated. 

To prevent loss of the rays of the working image reflected 
from the upper surface 26, the "optical structures" should 
have a configuration such that the normal to the surface of 
the optical structures impinged upon by the rays reflected 
from the portions of the top surface 26 point generafly 
toward the top surface 26 at generally the same angle to the 
top surface 26 that the reflected rays have. Two such normals 
are illustrated as vectors N/ and N 2 * in FIGS. 7A and 7B, 
respectively. Of course there are a range of angles for these 
normals Ny and N 2 ' that will cause the rays reflected from 
the top surface 26 to arrive at optical surface 12 with angles 
to these normal N 3 ' and N 2 ' which are less than the critical 
angle. The same general concept is true for the normals N 1 
and N 2 . So long as the shape of the optical structures is such 
that the rays arriving from the light source 22 and the 
reflected rays from surface 26 arrive at the optical surface 
with an angle of incidence which is less than the critical 
angle in each case, the optical structure will be within the 
teachings of the invention. 

Most plastics that are transparent can be used for the 
finger platen 10. The preferred optical surface is illustrated 
in FIG. 4 as parallel rows of microprisms, however, other 
optics, such parallel rows of semicircular Fresnel type lens 
such as are illustrated in FIG. 7B may be substituted. 

FIGS. 8 A and 9 A show other alternatives for the optical 
surface 12. FIG. 8 A shows optical surface 12 in perspective 
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as an array of tiny pyramid-shaped prisms arranged in reflected and make up the rays of the working image. The 

staggered rows. Incident light from light source 22 is rep- rays that first encounter the air in valleys around a fingerprint 

resented by vector 60 and reflected light from the fingerprint ridge escape the platen and are lost thereby forming the 

ridges forming the working image is represented by vector contrast in the working image. 

62. FIG. 8B shows a close-up perspective view of one 5 The fingerprint imaging device illustrated in the figures is 
pyramid. The angles at the apex of the pyramid should be novel in that it does not have an integrated finger platen, 
such that the normal to the surface 64 generally points Optionally, any of the fingerprint imaging devices 
toward the light source 22 (not shown), and the normal to the described herein may have a retractable cover 47 as shown 
surface 66 points generally parallel to a light between the in FIG. 11 which shows the DFR with the protective cover 
imaging device (not shown) and center of the area of contact 10 in place and the card not inserted. When a card with 
between the finger and the opposite "top" surface 26 shown integrated finger platen is inserted into a card slot 49, the 
in FIGS. 7A and 7B. This prevents reflection from the cover retracts to the position 51 shown in FIG. 12. 
surfaces 64 and 66 so long as the angle between the normals Optionally, the validity of the card may be determined 
and the incident and reflected light do not equal or exceed before the cover is retracted. This cover protects the trans- 
the critical angle. The surfaces 64 and 66 may be flat or 15 parent housing/dust shield 24 that protects the light source 
slightly curved. Row 1 in FIG. 8Ais offset by Vz of a pyramid and lens and camera. This transparent housing/dust shield 
from row 2 along the Y-axis such that incident light passing does not serve as an optical component in the system other 
between the pyramids of row 1 impinge on the surfaces 64 than as a dust shield. The dust shield remains free of dirt 
of the pyramids in row 2. because it is constantly covered by either the retractable 
FIGS. 9 A and 9B show another alternative structure for 20 cover 47 or the card with integrated platen. Because the 
optical surface 12. The optical surface of FIG. 9A is com- transparent housing 24 is within the focal length of the lens 
prised of an array ok tiny cones in staggered rows like the system, and because it is at right angles to the illumination 
staggered rows of pyramids of FIG. 8A. FIG. 9B shows one and imaging beams or at least the imaging beams, any dirt 
of the cones in close-up perspective. Again the apex of the etc. that may accumulate on the housing have a minimal 
cone should have an angle such that the normals to the 25 effect in obscuring the fingerprint images, 
surface areas illuminated by incident light 60 and reflected Optionally, the card with integrated platen illustrated in 
light 62 are roughly parallel to vectors 60 and 62. FIG. 1 may be coded with information regarding the card- 
Diffraction grating type optical surfaces 12 have also been holder's fingerprint. This information may be encoded on a 
found to work. magnetic stripe, chip, or optically printed in code on the 
The physical characteristics of the optical surface have 30 underside of the card. Such an optical code, such as a 
been exaggerated in the above described figures for illus- multi-dimensional bar code, may be printed on the bottom 
trative purposes as the actual size of the optical devices in side of the card or on the transparent finger platen itself, 
the array on the optical surface 12 is quite small. The optimal Multi-dimensional barcodes are known and the teachings of 
density of optical devices is approximately 50 devices per the prior art on this topic are incorporated by reference 
millimeter or higher. This is a sufficient density of optical 35 herein. Optically printed code can be recorded by the same 
devices that individual devices are not noticeable in the camera used to image fingerprints as illustrated in FIG. 13. 
fingerprint images when they are inspected at a standard Typical CCD imaging devices have a 3x4 aspect ratio, i.e., 
resolution of 500 pixels per inch. The density is also low about 500 pixels by 700 pixels. Since the typical need for a 
enough that the optical devices can be made conveniently at fingerprint platen is a square shape which only need be 500 
a low cost. 40 by 500 pixels, there is an unused area in the image which is 
The manufacturing process is simple and low cost and 500 by 200 pixels. This is more than enough pixel capacity 
involves either a heated molding stamp which is stamped to encode template data identifying the unique characteris- 
into an inexpensive piece of transparent plastic (hereafter tics of the rightful owner's fingerprint. This template data 
referred to as hot stamping). In the alternative, the optical can be encoded in the 500x200 pixel area as a two- 
surface may be formed by injection molding. For cardholder 45 dimensional barcode or any other form of spatially encoding 
identification purposes, the plastic piece can then be used in digital data. The excess capacity in the image sensitive area 
the assembly of a plastic card, or the plastic card itself may of the imager is then used to sense the two dimensional 
have a transparent plastic area integrally formed therein barcode or other spatial encoding of the template data 
which is subjected to hot stamping to form optical surface (hereafter referred to as two dimensional barcode regardless 
12. Alternatively, the entire credit card or identification card 50 of the actual spatial encoding scheme selected) represented 
including the optical surface 12 can be formed by injection by the crosses shown at 53. These two dimensional barcode 
molding and later printed and embossed as necessary with patterns can encode the "template" of the rightful owner's 
cardholder and logo information. fingerprint, or, in more secure embodiments, an enciphered 
Please note that only one suitable location for light source version of the template. As is well known to those skilled in 
22 and imaging device 30 has been illustrated in the FIG. 2. 55 the art, the template is a digital representation of the x, y and 
The placement of the light source and camera can be theta data on the collection of minutiae which uniquely 
changed substantially and still provide high contrast images. characterize each fingerprint. The image of the two dimen- 
FIG. 10 is an enlarged view of an alternative truncated prism sional barcode may be decoded to yield the x, y and theta 
shape for the individual prisms of the optical surface 12. The information of the rightful owner, and this data is then 
operation of a finger platen having an optical surface com- 60 compared to x, y and theta information of minutiae extracted 
prised of parallel row of microprisms shaped like that shown from the live fingerprint to verify identity of the user. Typical 
in FIG. 10 and having a density,of at least 50 such rows per template data files for identification are only 500 bytes in 
millimeter is as shown. Light rays from a light source placed length, and for verification only, the template can be as short 
directly beneath the optical surface strike various points on as 100 bytes of data. The preferred 2-D barcode scheme for 
the imaging surface of the platen some of which are in 65 encoding template data as a two dimensional pattern is PDF 
contact with air and some of which are in contact with flesh. 417 which is commercially available from Symbol Tech- 
The rays that first encounter the flesh of a ridge are internally nology. 
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Known cipher algorithms such as Veritas from Pitney 
Bowes, PGP or the National Bureau of Standards DES 
algorithm may be used to encode the template data into an 
enciphered data collection which is then converted to a two 
dimensional barcode. The user could enter the deciphering 5 
key in a keypad (not shown) on the outside of the DFR. PGP 
(Pretty Good Privacy™) encryption of the template data 
would be used as follows. The digital template data file 
encoding the minutiae data of the rightful owner of the card 
would be compressed by the PGP program prior to encryp- 1Q 
tion. The PGP program would then encrypt the compressed 
file by automatically creating a session key and using that to 
encrypt the file. The session key would then be encrypted 
with the public key of the rightful owner. The encrypted file, 
including the encrypted session key, would then be encoded J5 
into the spatial pattern on the card. The rightful owner has 
both a public key which can be revealed in the dear and a 
private key which should never be revealed to anybody. The 
rightful owner's public key and private key are two halves 
of the same key which are mathematically related such that 2Q 
anything encrypted with the public key can be decrypted 
using only the private key. The preferred encryption scheme 
is Veritas available commercially from Pitney Bowes. 

The spatial pattern on the personal platen encoding the 
encrypted template data, the encrypted session key and the 25 
public key must first be decoded in the DFR to go from the 
spatial encoding back to a digital representation of the 
encrypted file. After this is done, the encrypted file would be 
decrypted using the rightful owner's private key to recover 
the session key. The session key would then be used to 3Q 
decrypt the template data and the DFR would then used the 
template data to compare to the live fingerprint. PGP can be 
purchased from Via Crypt of Phoenix, Ariz, and is described 
in U.S. Pat. Nos. 5,214,703, 4,200,770, 4,218,582, 4,405, 
829 and 4,424,414 all of which are incorporated by refer- 35 
ence. 

Different light sources may be utilized to illuminate the 
optical code than are used to image fingerprints. 

Although the invention has been described in terms of the 
preferred and alternative embodiments disclosed herein, ^ 
those skilled in the art will appreciate various substitutions 
which may be made for various elements in the disclosed 
embodiments which do not alter the basic functionality of 
each element and the functional interaction between the 
elements. For example, in one preferred embodiment, sur- 4S 
face 26 of the platen is coated with a clear rubber polyure- 
thane or silicone layer of hardness 60-70 Shore A and 
approximately 0.5 millimeters thick. This layer improves the 
optical contact and the fingerprint resolution image. In 
addition, certain other modifications may also be appreci- 5Q 
ated with do not alter the basic principle of operation and the 
interplay and functional interdependency of the combined 
elements. All such modifications and substitutions are within 
the scope of equivalents under the doctrine of equivalents 
and 35 U.S.C. Section 112, Paragraph 6 claim interpretation 55 
of means plus function claims appended hereto. 

What is claimed is: 

1. An optical system for acquiring a fingerprint image, 
comprising: 

a housing defining an imaging aperture; 60 
an incoherent light source directing light toward said 

imaging aperture at a non-normal angle; 
an array of light sensors to receive sensed working image 

signals indicative of a fingerprint image; and 
a platen affixed to said housing over said imaging 65 

aperture, said platen including a light receiving side 

and a fingerprint receiving side, said fingerprint receiv- 
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ing side receiving a fingerprint that produces fingerprint 
flesh regions and fingerprint valley regions on said 
fingerprint receiving side, said light receiving side 
including a plurality of adjacent optical structures that 
reduce the reflection of non-working image light sig- 
nals from said light receiving side and pass working 
image light signals, said working image light signals 
being reflected at said fingerprint valley regions to 
produce a light portion of said sensed working image 
signals and passing through said fingerprint flesh 
regions to produce a dark portion of said sensed work- 
ing image signals. 

2. The optical system of claim 1 wherein said plurality of 
optical structures include five or more optical structures per 
millimeter. 

3. The optical system of claim 2 wherein said plurality of 
optical structures include at least fifty optical structures per 
millimeter. 

4. The optical system of claim 1 wherein said plurality of 
optical structures include optical structures selected from the 
group comprising: prisms, pyramids, and cones. 

5. The optical system of claim 1 wherein said adjacent 
optical structures are contiguous optical structures. 

6. The optical system of claim 5 wherein said contiguous 
optical structures include five or more optical structures per 
millimeter. 

7. The optical system of claim 6 wherein said contiguous 
optical structures include at least fifty optical structures per 
millimeter. 

8. The optical system of claim 5 wherein said contiguous 
optical structures include optical structures selected from the 
group comprising: prisms, pyramids, and cones. 

9. An optical system for acquiring a fingerprint image, 
comprising: 

a housing defining an imaging aperture; 

an incoherent light source directing light toward said 
imaging aperture at a normal angle; 

an array of light sensors to receive sensed working image 
signals indicative of a fingerprint image; and 

a platen affixed to said housing over said imaging 
aperture, said platen including a light receiving side 
and a fingerprint receiving side, said fingerprint receiv- 
ing side receiving a fingerprint that produces fingerprint 
flesh regions and fingerprint valley regions on said 
fingerprint receiving side, said light receiving side 
including a plurality of adjacent optical structures that 
reduce the reflection of non-working image light sig- 
nals from said light receiving side and pass working 
image light signals, said working image light signals 
passing through said fingerprint valley regions to pro- 
duce a dark portion of said sensed working image 
signals and reflecting from said fingerprint flesh regions 
to produce a light portion of said sensed working image 
signals. 

10. The optical system of claim 9 wherein said plurality 
of optical structures include five or more optical structures 
per millimeter. 

11. The optical system of claim 10 wherein said plurality 
of optical structures include at least fifty optical structures 
per millimeter. 

12. The optical system of claim 9 wherein said plurality 
of optical structures include optical structures selected from 
the group comprising: prisms, pyramids, and cones. 

13. The optical system of claim 9 wherein said adjacent 
optical structures are contiguous optical structures. 

14. The optical system of claim 13 wherein said contigu- 
ous optical structures include five or more optical structures 
per millimeter. 
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15. The optical system of claim 14 wherein said contigu- 
ous optical structures include at least fifty optical structures 
per millimeter. 

16. The optical system of claim 13 wherein said contigu- 
ous optical structures include optical structures selected 
from the group comprising: prisms, pyramids, and cones. 

17. A method for acquiring a fingerprint image, compris- 
ing the steps of: 

directing light from an incoherent light source toward an 
imaging aperture; 

directing said light through a platen affixed to a housing 
over said imaging aperture, said platen including a light 
receiving side and a fingerprint receiving side, said 
fingerprint receiving side receiving a fingerprint that 
produces fingerprint flesh regions and fingerprint valley 
regions on said fingerprint receiving side, said light 
receiving side including a plurality of adjacent optical 
structures that reduce the reflection of non-working 
image light signals from said light receiving side and 
pass working image light signals; and 

sensing said working image signals indicative of a fin- 
gerprint image by an array of light sensors. 

18. A platen for use in a fingerprint imaging system, 
comprising: 

a light receiving side including a plurality of adjacent 
optical structures that reduce the reflection of non- 
working image light signals from said light receiving 
side; and 
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a fingerprint receiving side which receives a fingerprint 
that produces fingerprint flesh regions and fingerprint 
valley regions on said fingerprint receiving side when 
light is applied to said platen from said light receiving 
5 side. 

19. The platen of claim 18 wherein said adjacent optical 
structures include five or more optical structures per milli- 
meter. 

10 20. The platen of claim 19 wherein said adjacent optical 
structures include at least fifty optical structures per milli- 
meter. 

21. The platen of claim 18 wherein said adjacent optical 
structures include optical structures selected from the group 

15 comprising: prisms, pyramids, and cones. 

22. The platen of claim 18 wherein said adjacent optical 
structures are contiguous optical structures. 

23. The platen of claim 22 wherein said contiguous 
optical structures include five or more optical structures per 

20 millimeter. 

24. The platen of claim 23 wherein said contiguous 
optical structures include at least fifty optical structures per 
millimeter. 

25 25. The platen of claim 22 wherein said contiguous 
optical structures include optical structures selected from the 
group comprising: prisms, pyramids, and cones. 

***** 
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